Nanowires, nanowhiskers and green LEDs  by unknown
www.three-fives.com 43
R E S E A R C H ,  R E V I E W S  &  P A T E N T S
Anadigics scores patent award
heptet in RFIC design
In early April,Anadigics Inc announced no
less than five new patents covering inno-
vations in the design and development of
RFICs.The patents strengthen the compa-
ny's impressive intellectual property port-
folio and extend its technological advan-
tages across its wireless and broadband
product families.
As with other recent news (see the
Lumileds and Toyoda Gosei LED deal in
the news section, for example) patents are
still making the headlines.These matters
are not restricted to opto of course. In this
instance the situation pertains to RF
microelectronics where some major play-
ers have moved up in importance any-
thing relating to intellectual property (IP).
Today's engineers are prevailed upon by
management more than ever to encapsu-
late as much of their work as possible in
new patent applications.This is despite
patent creation being a fairly intensive
activity in terms of time and money.
Anadigics has long been in the vanguard
of technical development and likes to
announce multiple patent awards. It has
been saving them up and the latest heptet
follows the last report of such news last
August when it also scored five new
patent awards.
Gaining patent awards is regarded as
essential in today's competitive business
environment. IP is closely linked with per-
ception of company valuations and there-
fore has even closer links with the per-
formance of the company in the stock
market such as in the defence and expan-
sion of its market presence.
"We continue to leverage our expertise in
RFIC design to supply innovations which
will power the next generation of wireless
and broadband devices," said Dr Charles
Huang, Executive VP and CTO at
Anadigics. "Anadigics continues to invest
in extending our technology leadership
and building our strong intellectual prop-
erty portfolio, which is the driving force
behind many of our differentiated solu-
tions." 
In summary the patent awards are as fol-
lows:
- Patent 6,937,102: a new method for low
bias current/temperature compensation
current mirror in linear power amplifiers.
The design increases the power efficiency
of the overall circuit and includes a tem-
perature compensation circuit to adjust
the bias of the amplifier, to stabilize the
performance in a wide temperature range.
- Patent 6,970,039: efficiency enhance-
ments for power amplifiers through the
use of uniquely designed biasing circuits
and combined HBT and FET processes.
- Patent 7,015,519: fabricated GaAs bipolar
and FET structures on the same die.This
patent is being used in Anadigics' industry-
leading InGaP-Plus™ technology, allowing
for higher levels of integration and 
performance.
- Patent 7,009,454: a new method for opti-
mizing an amplifier with an adjustable out-
put range.This circuit provides excellent
energy efficiency at many power levels by
using resonant components to provide
consistent operating parameters over a
wide range of power levels.
- Patent 6,998,920: monolithically fabricat-
ed HBT amplification stage with a current-
limiting FET.The FET structure provides
improved ruggedness by limiting the base
or collector current to the HBT during
severe load mismatch and/or high 
overdrive.
Monolithic amplifier
In more detail, US Patent #6,998,920
"Monolithically fabricated HBT amplifica-




The schematic cross-sectional view of a monolithic structure integrating both the HBT (right) and FET
(left) onto the same substrate An advantage of fabricating the HBT and FET on the same substrate is
that each cell in the HBT may have its own current limiting FET, which is generally more effective than
controlling the overall current of the amplifier stage by a single FET.
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Oleh B. Krutko, et al., is directed to a
monolithically integrated amplifier: an HBT
comprising a contact epilayer; and a FET
configured to limit current to the HBT, the
FET comprising a portion of the contact
epilayer.
GaAs HBTs are preferred over silicon,
despite their greater cost, because the high
electron mobility in GaAs enables GaAs
HBTs to operate at the gigahertz frequen-
cies of present wireless systems. HBTs,
however, may fail from thermal runaway
brought on by a severe load mismatch
and/or high overdrive condition.The wire-
less GSM standard requires that the amplifi-
cation stage survive a 10:1 Voltage
Standing Wave Ratio (VSWR) mismatched
load at all phases under full RF drive and
high collector voltage, which is normally
higher than 4.5 V. Under such conditions,
the load line is distorted and there are sig-
nificant increases in the collector and base
currents through the HBT.The large collec-
tor and base currents cause self-heating in
the HBT and increase the dissipated
power. If the dissipated power exceeds a
threshold, the HBT undergoes thermal run-
away and is irreversibly damaged.
Hybrid approaches result in higher manu-
facturing costs and may even place a lower
limit on possible device sizes.Therefore,
there remains a need for monolithic
RF/microwave power amplifiers that are
capable of surviving severe load mismatch
or overdrive conditions.
The Figure on the previous page shows a
schematic cross-sectional view of a monolithic
structure integrating both the HBT and FET
onto the same substrate.A FET epilayer,910,
sits atop a substrate (not shown); a contact
epilayer,920, is disposed on the FET layer and
comprises a portion of the FET,980, and HBT,
990.An isolation barrier, 970,electrically iso-
lates the FET from the HBT such that the FET
portion of the contact epilayer may be modi-
fied independently of the HBT portion of the
contact layer thereby allowing for better and
separate control of the FET and the HBT oper-
ating characteristics.
A collector layer, 930, is disposed on top of
the HBT portion of the contact layer.A
base layer, 940, is disposed on top of the
collector layer.An emitter layer, 950, is dis-
posed on top of the base layer and togeth-
er with that and collector layer forms the
HBT.
The fabrication details used to produce the
structure illustrated are disclosed in the 
co-pending application entitled, "Structures
and Methods for Fabricating
Manufacturable Integrated HBT/FET." 
For more details, visit: www.anadigics.com
MBE research as diverse as ever
To follow is a selection of new research
papers from Elsevier journals. One of the
themes is MBE which, despite the huge
popularity of MOCVD for key components
such as blue LEDs and HBTs, is holding its
own as researchers exploit its key advan-
tages.The following illustrates the diverse
range of applications ongoing in the appli-
cation of MBE. How the basic process con-
tinues to be adapted and enhanced, e.g. via
the use of plasma excitation.The second
theme is an area where MBE is particularly
suited though nanowires have been pre-
pared by other epitaxy methods.
To begin with, in the Journal of
Luminescence (Vol 119-120 pp 546-550)
from the "Proceedings of the Fifteenth
International Conference on Dynamical
Processes in Excited States of Solids" a
paper on the effect of rapid thermal
annealing (RTA) on the optical properties
of MBE grown GaNAs films is reported.
Z.L. Liua, et al., in a joint project between
the National Laboratory for Infrared
Physics, Shanghai Institute of Technical
Physics, and Department of Physics, Fudan
University, in China, characterised materials
grown by plasma-assisted solid-source MBE
on GaAs (001) substrates.
As they point out, GaNAs and GaInNAs
with increased N composition in alloy
and desired properties as well can only be
achieved by using non-equilibrium growth
methods, e.g. using epitaxial growth at
low temperatures.As a result, composi-
tional disorder and non-uniformity of the
local strain, which cause low lumines-
cence efficiency for GaNAs and GaInNAs
materials are enhanced. Subsequent to
growth, RTA usually has to be performed
to reduce the influence of the grown-in
nonradiative defects and to enhance opti-
cal properties. However, the emission
peak shifts toward the blue as thermal
annealing proceeds and this prevents long
wavelengths with acceptable intensities
to be reached. Understanding the origin
of such a blueshift should help in having
a better insight into the as-grown material
as well as in choosing the appropriate
annealing conditions.
The photoluminescence (PL) peak energy
position shows significant blueshift with
increasing of annealing temperature from
650 to 850°C. Pronounced enhancement of
room temperature PL of GaN0.01As0.99
film induced by the RTA was observed.
This, they said, suggests RTA-induced nitro-
gen diffusion inside the material rather
than diffusion out of the alloy, which
homogenizes initial nitrogen composition
fluctuations.
SiGe nanowhiskers
In the first of two new papers from the
Journal of Crystal Growth, (Vol 290, Issue
1, 15 April 2006, pp 6-10) growth phenom-
ena of Si and Si/Ge nanowires on Si (111)
by MBE are reported by N.D. Zakharov, et
al., of the Max Planck Institute of
Microstructure Physics in Weinberg,
Germany.
They have investigated the formation of Si
and SiGe nanowires by MBE initiated via
gold droplets.The MBE growth behaviour
essentially differs from the classical
vapour-liquid-solid mechanism (VLS)
observed in the case of growth by CVD.
Nanowhiskers, including SiGe heterostruc-
tures, are interesting for new device con-
cepts. However, while MOCVD has been
used to prepare these interesting struc-
tures, growth of Si nanowhiskers by MBE is
less well understood.This is despite MBE
offering a uniform flux of Si or Ge atoms
impinging on the substrate surface.
From a thermodynamic point of view, the
driving force for the growth by MBE is
related to the supersaturation determined
by relaxation of elastic energy generated in
the Si substrate due to Au intrusion.Adding
Ge decreases the growth rate of Si
nanowire or can even result in its dissolu-
tion.This effect can be interpreted in
terms of elastic energy accumulation
because of differences in atomic radii of Si
and Ge.This effect has a general influence
on the formation of nanowire heterostruc-
tures.
The incorporation of Ge into Si
nanowhiskers leads to elastic energy accu-
mulation, which may even prevent further
whisker growth.The authors are presently
investigating whether modifications of the
silicon surface (hydrogen coverage or con-
tamination by oxygen or carbon) allow
them to decrease the lower critical radius




Next,Vol 290, Issue 1, pp 241-247, MBE
growth optimization of InN nanowires is
presented by T. Stoica, et al., of the Institute
of Thin Films and Interfaces and Center of
Nanoelectronic Systems for Information
Technology, Research Centre Jülich,
Germany.
InN is one of the interesting materials with
high mobility and low toxicity, suitable for
new high-performance devices. Islands and
wires have been prepared by different
methods. In InN MBE, as for the other
nitride semiconductors, the deposition
parameters can be adjusted to nitrogen-
rich conditions to obtain columnar struc-
tures, with well-separated columns.These
columns with diameters of 50-150 nm and
a length of a few microns, can be easily
removed from the original substrate to
obtain freestanding nanowires (FSNW), and
to construct single wire devices.The
nanowires exhibit features of single crys-
tals with a strong effect of surfaces and
interfaces, as shown for GaN.
To understand the formation of InN
nanocolumns in MBE the researchers have
to take into account the peculiar features
of InN growth.An important difference
between the columnar growth of InN and
for example GaN is related to the growth
temperatures. Low deposition tempera-
tures are necessary for InN growth due to
a low decomposition temperature of InN.
They present extensive studies on plasma-
assisted MBE of InN, but only for columnar
growth conditions.The formation of InN
nanocolumns was studied with the aim of
growth optimization, in particular to
obtain wires uniform in diameter with
maximum obtainable PL efficiency.A forth-
coming publication with a more extensive
PL analysis will present these results more
in detail.
Improving green GaN LEDs
Finally, to demonstrate the refinement of
MOCVD-based devices, the Journal of Crystal
Growth,Vol 289, Issue 1,pp 107-112,paper
offers "Improvement of green LED by growing
p-GaN on In0.25GaN/GaN MQWs at low tem-
perature" by Min-Suk Oh,et al., of the
Nanophotonic Semiconductor Laboratory,
Gwangju Institute of Science and Technology,
and Opto Device Development Group,LG
Innotek,Republic of Korea.
They have assessed the effect of temperature
on the growth of p-GaN on In[0.25]GaN/GaN
multiple quantum well (MQW) in a green
LED.Low growth temperature (900°C) pre-
vents thermal degradation of MQWs and in
this work,p-GaN did not show the blue-shift
in its EL spectrum which is frequently
observed in InGaN/GaN MQWs with a high
indium content.
AlGaInP-based LEDs have a fatal problem
in terms of their use as long-wavelength
emitting diodes because the optical out-
put power would be dramatically reduced
by operating temperatures in the range 0-
40°C. On the other hand, the optical out-
put power of nitride-based long-wave-
length LEDs with high indium contents is
nearly independent of operating tempera-
ture. In spite of these advantages, it is still
difficult to produce InGaN multi-quantum
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Nitrogen-rich conditions MBE are used to create well-separated columnar structures with diameters of
50–150 nm and a length of a few microns. These can be easily removed from the original substrate to
obtain freestanding nanowires, and to construct single wire devices,say workers: T. Stoica, R. Meijers,
R. Calarco, T. Richter and H. Lüth, of the Institute of Thin Films and Interfaces (ISG1) and Center of
Nanoelectronic Systems for Information Technology (cni), Research Centre Jülich, Germany.
A scanning electron microscopy image of nanowires, where the Si pillars are blue and the gold caps
are in yellow. MBE growth allows the growth of SiGe heterostructures and also a core-shell structure.
These whiskers were grown at 525°C for 2 h; note that each whisker is surrounded by a trough in the
substrate. Taken from 'growth phenomena of Si and Si/Ge nanowires on Si (111) by molecular beam
epitaxy' by N.D. Zakharov, P. Werner, G. Gerth, L. Schubert, L. Sokolov and U. Gösele, of the Max
Planck Institute of Microstructure Physics, Weinberg 2, D-06120 Halle (Saale), Germany. 
well (MQW) LED with a high In content,
since InGaN has a low thermal stability
due to the high nitrogen equilibrium
vapour pressure and the high volatility of
indium.Therefore, it is very important to
investigate the behaviour of indium in
InGaN thin films with high indium con-
tents.
Characterisation by X-ray and TEM meth-
ods showed the improved structural qual-
ity of MQWs with a LT p-GaN which can
be attributed to suppression of inter-dif-
fusion and the re-evaporation of indium
in the MQW layers. I-V measurements
showed a forward voltage of 3.6 V at 20
mA and the peak wavelength and full-
width at half-maximum for the EL emis-
sion peak were 525 and 25 nm, respec-
tively.
TEM and EDS analyses of the MQW
showed that a high growth temperature
of 1050°C for the p-GaN layer causes
thermal damage to the InGaN/GaN MQW
grown at 730°C.The thermal damage can
be attributed to the diffusion of indium
from the InGaN quantum well layer into
the GaN barrier layer and the re-evapora-
tion of indium due to the high volatility
and relatively low binding energy of InN
compared to that of GaN.The low-tem-
perature growth of p-GaN layer at 900°C
was very promising for effectively sup-
pressing the inter-diffusion and re-evapo-
ration of indium in the InGaN/GaN MQW
with a high In content for pure green
LEDs.
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(a) TEM plan-view image of initial stage
of whisker growth. Whiskers start grow
under Au caps (black circles). B-dislo-
cated areas. Notice that structural
defects, serving for stress relaxation,
are absent in the vicinity of growing
whiskers. (b) Schematic representation
of MBE whisker growth. I1, I2- fluxes
of Si ad-atoms directed to gold cap. (c)
Schematic representation of elastic
energy relaxation in the whisker. Taken
from 'growth phenomena of Si and
Si/Ge nanowires on Si (111) by molecu-
lar beam epitaxy' by N.D. Zakharov, P.
Werner, G. Gerth, L. Schubert, L.
Sokolov and U. Gösele, of the Max
Planck Institute of Microstructure
Physics, Weinberg 2, D-06120 Halle
(Saale), Germany. 
